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The relationship between oxygen and sulphur, indicated 
by their positions in the periodic classification of the elements, 
is supported by a study of their carbon derivatives. Jhere is a 
well-known, group of sulphur compounds analogous to the monohydric 
phenols. These are known as thio-phenols. Similarly, a group 
corresponding with the aromatic ethers is known as the thio-
ethers, or aromatic sulphides. Several of the aromatic sulphides 
and their derivatives are known. Diphenyl sulphide, the subject 
of this investigation, is probably the best known. 
Diphenyl sulphide may be considered as the sulphide of ben­
zene. The structure of the compound is given below: 
< >s< > 
I 
Diphenyl sulphide is a colorless liquid with an odour similar 
to that of leeks. It has a boiling point of 292°C, and its 
1 
specific gravity is 1.12 . 
The compound may be prepared by any of the following methods: 
(1) By distilling phenol with phosphorus penta-sulphide 
and tMo-phenol; 
( 2 )  B y  t r e a t i n g  s o d i u m  b e n z o l  s u l p h o n a t e  w i t h  p h o s p h o r o u s  
pentasulphide; 
2 
( 3 )  B y  h e a t i n g  m e r c u r y - d i p h e n y l  w i t h  s u l p h u r ;  
( 4 )  B y  h e a t i n g  s u l p h u r  w i t h  d i p h e n y l  s u l p h o n e  i n  t h e  p r e -
3 
sence of an oxidant; 
2 
(5) 3y the action of finely powdered sulphur and 
4 
aluminum chloride, or sulphur hypo-chloride upon benzene; 
(6) Diphenyl sulphide and its homologues are readily pre­
pared by heating aromatic lead mercaptides with halogen ben-
6 
zols; 
(7) By heating sodium mercaptides with iodo-benzol in the 
0 
presence of powdered copper; and 
(8) By the action of thio-phenol on phenyl diazonium chlo­
ride. 
liethod (1) gave the best results of the three methods at­
tempted. The other methods used were (4) and (5). The percentage 
yield in the first case was 74.26. The percentage yield in (4) 
was 32.7. The percentage yield in case (5) was 21.3. 
In case (1) phenol is allowed to react with phosphorus 
pent a-sulphide to form thio-phenol. The thio-phenol is then 
mixed with phenol and phosphorus .penta-sulphide, forming diphenyl 
sulphide. 
Equation: 
^ ̂  ^ ̂  SH 
II 
<  > ^ < — > , <  >  
Apparently, when thio-phenol, phenol and phosphorus penta-
sulphide are mixed, the phosphorus pent a-sulphide plays the role 
of a catalyst, for the simple reason that thio-phenol and phenol 
alone v&ll react to form diphenyl sulphide, but the process is 
3 
relatively slow. 
In order to obtain the best results, care should be exer­
cised to see that the temperature, during the process of refluxing 
does not rise above 250°C. If the temperature is allowed to rise 
above 250°C, a relatively large quantity of the disulphide com­
pound will be formed. It is better to carry the experiment on at 
a temperature of 250°C over a period of several hours rather than 
carry it on at a higher temperature over a shorter period of time. 
If this precaution is not taken, a large quantity of the disulphide 
compound will be formed along with a black resinous residue. The 
quantity of the resinous material varies directly with the temp­
erature of the system. 
As in the case of benzene, bromination and nitration take 
place readily. Oxidation of the side chain to form acids is not 
a difficult procedure. 
Bromination takes place easily with the aid of a carrier. 
Iron will serve the purpose well. It is not practical to brominate 
one of the rings. Any attempt to brominate one of the rings will 
result in the bromination of both rings. 
Diphenyl sulphide reacts with concentrated nitric acid to 
form 2 , 2 f  - nitro diphenyl sulphide. The nitro group enters 
each ring of the compound with the formation of water. 
Equation: 
tJOi /Vh 
C I 3 C  V 4  x  (  ) 3 C  }  
in 
Dehydrating agents nay be used to a decided advantage 
4 
to take up the water that is formed, which, if allowed to remain 
in the system as such, will dilute the nitric acid and prevent the 
reaction. Concentrated sulphuric acid, or glacial acetic acid 
are the best dehydrating agents for this purpose. Glacial acetic 
acid has preference over concentrated sulphuric acid because it 
has been observed that a much smaller quantity of the tarry residue 
is forraed when the former is used. Another in?>ortant consideration 
in connection with nitration is not to allow the temperature to 
rise above 45 to 50°C, as well as the use of a calculated quantity 
of the nitrating mixture ; the latter factor being of piraary im­
portance . 
7 
Hilbert and Johnson extended their research program on 
germicides into the field of the diaryl-sulphide phenols. Para-
Hydroxy diphenyl-sulphide, with its high germicidal value and 
low toxicity(phenol coefficient 115)has proved the most promising 
of the derivatives thus far examined. 
It has beeh well proved that the substitution of halogen 
in the benzene ring nucleus of phenolic compounds leads to de­
rivatives of considerably higher germicidal power than is possessed 
8 
by the unsubstituted compounds. 
9 « 
Bass and Johnson have studied the antiseptic power of 
some iodine derivatives of diphenyl-sulphide phenols. It was ob­
served that this element functions in a manner important to 
animal metabolism when present in compounds structurally related 
10 11 
to tyrosine as in thyroxine. The latter may he considered as an 
alpha-amino acid derivative of a tetra-iodated para-hydroxy-di-
11 
phenyl oxide. The results obtained by Earington lend new light 
to the postulation that iodated derivatives of the structually 
related para-hydroxydiphenyl sulphide may also possess thyroxine-
like activity, or exercise some other specific physiological 
action of therapeutic value. 
Two isomers di-iodo-diphenyl sulphide phenols(IV) and (VI) 
and their respective methyl homo logs (V) and (VII) have been synthe­
sized. in order to obtain an indication of the possible effectof 
~ 12 
substituting a halogen in the second benzene ring , the compound 
(Vlll)was prepared, wo attention, however, was paid to thyroxine-
like constructions in which the iodine atoms occupied the meta 
positions with respect to the hydroxyi group, or unsymmetrical 
positions in the benzene rings. The spacial influence of iodire 
to the hydroxyi group in sulphide phenols upon the antiseptic 
power of such coiribinations has not been well worked out. 
XAr 
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In. order to obtain the intermediates desired for the final 
synthesis of phenols IV and V, 3, 4, 5-tri-iodonitrobenzene , X, 
was condensed with sodium thiophenate and sodium para-cresblate, 
respectively. It was observed that the best results were ob­








The nit  ro compounds £x and XI we re reduced with stannous 
chloride and hydrochloric acid to the corresponding amines,  i t  
was observed that  the iodine atoms substi tuted in the r ing were 
not replaced. The amines formed were weakly basic,  and were 
prepared by passing anhydrous hydrogen chloride into absolute 
ether solutions of the amines.  They were successfully diazotised 
by suspending the hydrochloride in glacial  acetic acid and 
treating i t  with butyl  nitr i te.  
9 
Bass and Johnson observed that  the extreme solubil i ty of 
their  iodated phenols prevented them from exhibit ing any pro­
nounced bactericidal  properties.  Saturated solutions of al l  f ive 
iodated compounds in water,  5 or 20^ alcohol solution,  were with­
out effect  on Bact.  typhosura,  as compared with phenol in the 
same solvents.  The pharmacological  properties of these compounds 
in particular the thyroxine-like action,  is  st i l l  to be investi­
gated.  
The importance of the diaryl  sulphides and diaryl  oxide 
groupings in compounds which have therapeutic value has been 
7 13 
studied by Johnson and Barington ,  respectively.  Believing 
that  some similari ty should exist  between the diaryl  sulphides add 
, • 14 
tne sulphur ether analogs,  Bandiii  and Drake prepared and studied 
both groups.  
The objectives of Sand in and Drake were to synthesize a 
15 
sulphuric analog of thyroxine and also two oxygen ether isomers 
of thyroxine.  
The tables below consist  of the compounds formed and some 
of tneir  general  properties.  All  of the compounds were prepared 
by standard methods.  Therefore,  the preparation of 2,  6-di-
iodo-4-nitro-4 ,-methoxydiphenyl sulphide only will  be given in 
details .  This preparation is  found on Page 15.  
7 
DERIVATIVES OF DIPHENYL SULPHIDE 
NANS Formula LLP. Solubility 
2,6-Di-aodo-4 amino methoxy 




4 * -me thoxy di pii eny 1 
sulphide 
C15H11°2NSI 230 SI. alcohol 






DERIVATIVES OF DI PHENYL ETHER 
2, 6-Di-iodo-4-NitrQ 2* 
methoxy diphenyl ether C^H^O^IP 149 .5 Alcohol 
2,6-Di-iodo-4-ITitro -3f 
methoxy diphenyl ether C13E9O4NI2 139.5 Alcohol 
2,6-Di-iodo-4-a iino-2f-
methoxy diphenyl ether 
GI5KU02NI2 178.5 Benzene 
2,6-Di-iodo-4-amino-3f-
methoxy diphenyl ether 
C15E13°3EI2 124.5 Si. Alcohol 
2,6-Di-iodo-4-acetylamino 
2'methoxy diphenyl ether Cl5H1303
NI2 227.5 Si. Alcohol 
2,6-Di-io do-4-ac e tylamino 
3*-methoxy diphenyl etlier 
CI5H1303NI2 177.5 Ethyl 
Alco hoi 
8 
Of all the derivatives of diphenyi-sulphide, para-hydroxy-
diphemyl-sulphide has been the most outstanding. This compound 
was found to possess a germicidal activity equivalent to a 
phenol coefficient of 115. 
16 Law and Johnson have begun a study of practical methods 
for synthesizing sulphur-ether-a-amino acid combinations cor­
responding in structure to the naturally occurring protein acids, 
phenyl-alanine and tyrosine, and also the analog of the hormone-
thyroxine. Law and Johnson have succeeded in introducing alde­
hyde groups into sulphide-ether constructions. Of the various 
methods previously employed for introducing the aldehyde grouo 
l"7 18 ' into the aromatic nucleus, the method of Stephen, , involving 
conversion of a nitrile to an imide by reduction, and the latter 
to an a Id eh 3rd e by hydrolysis, was the only one considered at all 
practical for accomplishing the purpose. 
"here are objections to using oxidation processes where 
sulphides are involved, because the sulphides represent the lowest 
valency state of sulphur and all reactions which tend to convert 
respective sulphides to a sulphoxide or a sulphone must be 
avoided. 
Tine starting points for the two amino acid synthesis were 4, 
methyl-41  cyandiphenyl sulphide and 4 ethoxy-4'cyandiphenyl sul­
phide. They were converted into the corresponding aldehydes by 
17 IQ 
the method used by Stephen '  and then condensed with hydantoin 
19 according to the method of Wheeler. After reducing the aldehyde 
condensation product, and destroying ihe resulting hydantoin 
derivative 037 hydrolysis, the alpha-a mi no-acid was easily obtained. 
De-- lkylauion • ,z f  etnoxy diphenyl sulphide B-alamine by heating 
wiuh hydrobromic acid gave the sulphur analog of thyroxine. 
9 
A group of diphenyl sulphide derivatives and their properties 
20 are given in the following table. 
NAPE FORIvPJLA P. Jolubility Tt r 
U AD Acet: eth 
P-E thoxy-P' aid ehyde-di -
phe ny 1 su 1 ph i d e 
C6H4GC2E5SC6H4CH0 • 33 i s sl s : s 
P'methyl-?'aldehyde diphen­
yl sulphide 
- CH3C6H43C6n4CH0 69 i i sl s s 
P-methyl-diphenyl sulphide 
P'-aldal hydantoin 
ch3c 6h4chc comic ones crzo C. • •-5 i Sl £ 3 Sl £ 3 i 
P-Ethoxy diphenyl sulphide 
P *-aldal-hydantoin 
C 2H5o c 6n4sc 6h4hcc c onhcoi H 254 i sl S s i 
P-: .ethyl diphenyl-sulphide 
P'-aldyl hydantoin 
CE3C 6II43C 6H4HC CCOKHC ODD 137. £ 5 i Sl s s i 
P-Ethoxy-diphenyl sulphide 
? ' -a Id yl-hyda nto in 
C oII4CC 6H4SC 6H4HC cconiicoi H 184.1 5 i sl s s i 
P-me thy 1 -p * di phe nyl 
sulphide B-alanine 
CHgO C6H43CE4C'2CH (EH 2) Decom. 
199 
i ,i i i 
P-Ethoxy-P'-diphenyl 
3-alanine 









HCC gH4SCSK4CK2CH(EHg) Decom, 
241 
i i i i 
w water 
Al Alcohol 
Acet Acetic Acid 
Eth — Ether 
3 Soluble 
I Inso lub le 
Sl. s — Slightly Soluble 
10 
PURPOSE OF THIS WORK 
The therapeutic value of the diaryl sulphides 
has been a subject of much recent investigation. 
The halogen derivatives, especially iodine, or di-
phenyl-sulphide, have .been carefully studied. 
The purpose of this work is not to study the 
therapeutic value of the diaryl sulphides, but to 
study some of the methods of preparation, and to 
determine the physical constants of a few of the 
compounds. Further, to §tudy the relationship that 
exists between the diphenyl sulphides and the di-
phenyl ethers will be a part of this task. 
11 
EXPERIMENTAL PART 
TEIO-PHENOL: . _ ,  
Thio-phenol was prepared in order to insure the^ starting 
material.  
100 grams of phenol and 70 grams, of phosphorus pent a-sulphide were 
mixed in a 500 cc. Florence flask. The flask was then fitted with 
a reflux condenser and the contents heated slightly above the boil­
ing point for three hours. The apparatus was then arranged for 
distillation. An air was found to serve the purpose better "than a 
water condenser. The contents of the flask were heated cautiously..  
At 159-160°C phenol and water came over. After the unchanged phenol 
and viater had passed over, the temperature rose to 166.5°C. The 
receiver, of course, was changed when the temperature began to rise 
in order to receive the product that came over at the higher temp­
erature. The distillate which came over at 165-169°C was a yellow 
liquid, which was found to be thio-phenol with traces of phenol and 
water. The compound was washed free of phenol with alcohol and 
then dried over calcium chloride, i t  was then redistilled at 169.5°c. 
The specific gravity of thio-phenol was found to be'  1.0778. Its 
solubility was tested in water, alcohol, ether, and benzene. I t  
was soluble in benzene and ether, partially soluble in alcohol, but 
insoluble in water. 
DIPH&TYL OULHilDE: 
50 grams of thio-phenol were refluxed with 45 grains of phenol and 
25 grams of phosphorus pent a-sulphide for 5 hours at 230° to 245°C. 
IE 
An investigator reports a preparation in which, the temperature 
was allowed to rise above 250°C. at the beginning of the process. 
He states this resulted in the formation of a large quantity of 
diphenyl disulphide, and a large amount of a resinous product. 
The apparatus was changed fcr distillation with an air 
condenser. The product which came over between a temp era bare 
o o 
of 290 C and 300 C was collected, washed, free of all  traces of 
phenol with alcohol and dried over calcium chloride. After 
drying, the product was subjected to distillation again. The 
pure diphenyl sulphide distilled at 295°C. The temperature was 
allowed to rise to 2S7°c and was held at that temperature for 
30 minutes. The diphenyl sulphide was found to be insoluble in 
water, very soluble in ether, and soluble in benzene .  The spe­
cific gravity was found to be 1.1302, yield, 74.26$. 
The product that remained in the flask after distillation 
solidified upon cooling. The foiling point,  melting point,  and 
solubility tests substantiated the belief that the crystalline 
substance was diphenyl disulphide. I t  was insoluble in water, 
soluble in benzene, alcohol, and ether. It  melted at about 54°C; 
the boiling point was 30 7 .  5°C. 
2, 2'  3R0IIP-DIPHENYL hUIPIIIDE 
50 cc. of diphenyl sulphide, 1 gram of powdered iron and 25 cc. of 
OL 
bromine were mixed in 250 cc. Florence flash. The bror,line was 
added slowly through a separatory funnel. The cork of the flask 
contained a delivery tube that terminated in a beaker containing 
A-water, and Athermome ter.  The gas that passed over while the flask 
was warmed gently for 30 minutes on the water bath dissolved in the 
water. The product was treated with a dilute solution of sodium 
13 
hydroxide. The oily layer was drawn from the alkaline solution 
hy the use of a separatory funnel. I t  was distilled. The distillate 
came over at 331.S°C. I t  was dried over calcium chloride for 10 
hours and distilled again. Yield, 59p .  
2, 21  -i;itro-Diphenyl-Sulphide: 
50 grams of diphenyl sulphide were placed in a 250 cc. Florence 
flask, and a mixture of 120 cc. of concentrated Nitric Acid and 
160 cc. of Glacial . .cetic Acid W4S added slowly through a separatory 
funnel. Between each addition of the mixture, the flask was shaken 
vigorously. The temperature of the contents was ?;atched, and the 
flask was placed under the tap at various intervals to prevent the 
temperature from rising above 50°C. 
When all  of the nitrating mixture had been added, the separatory 
funnel was removed and the contents were refluxed <~ently on the water 
bath for three hours. After the contents of the flask were allowed 
to cool to room temperature, they were poured into a suction funnel. 
The long colorless needles of 2, 2»-nitro diphenyl sulphide, remained 
in&funnel. These crystals were washed three times with cold water, 
twice with a dilute solution of sodium carbonate in order to free 
them of any acid that might have been left unchanged, and washed a 
second time with cold water. The mother liquor was evaporated 
and a few more crystals were obtained. 
The crystals were then allowed to dry and their properties 
were tested. The melting point was found to be 38°G. The crystals 
were insoluble in water and alcohol, but soluble in ether, benzene, 
•xU 
and chloroform. Yield was only about 18.3b of/theoretical yield. 
2, 6- DI-ICD0-4-;:iTqc-4*-!.STNNNr DIPI-INNYI. SNLIFITDF 
Fifty grams (0.1 mole) of 3,4,5, tri-iodo-nit ro benzene and fourteen 
grams(0.1 raole)of 4-nethoxy thio-phenol were added to 250 cc. of 
boiling aethyl ethyl ketone. To this mixture was added thirty 
grams of finely powdered, anhydrous potassium carbonate. After 
* 
heating under a reflux dondenser and in a current of hydrogen gas 
for five hours., the mixture was filtered. On cooling the filtrate, 
the bright yellow crystals of the pure nitro compound, were obtained. 
The yield was increased by evaporating the mother solution and al­
lowing it to cool. It was crystallized from acetone or methyl ethyl 
ketone. The yield was thirty grams or sixty per cent. 
15 
SUMIAJEE" MD CONCLUSIONS 
1. The puritj"- of the Nitro derivative of diphenyl 
sulphide was daub tful. 
2. The position of the nitro group was not determined 
but it is believed that it took the ortho po-
siti on. 
3. The iodine derivatives of diphenyl sulphide were 
extremely soluble in water; consequently, they did 
not exhibit any bactericidal activity when tested 
in the usual way. 
4. Preparation of di phenyl sulphide from thio-phe nol, 
phenol, and phosphorus penta-sulphide gives the 
best yield. 
5. The procedure is simple. 
6. The Stephen reaction for preparing Aldehydes from 
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